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Abstract
 Based on the chemical elements of group IV,the charge state and proximity of the covalent radii of the molecules of the solution-forming 
components, the possibility of the formation of substitutional solid solutions, such as: Si
1 − x
Ge
x
, Si
1 − x
 Sn
x
, (Si2) 1 − x (SnC) x, is predicted 
, Ge
1 - x
 Sn
x
,(Ge2)1 - x(SiSn)x,(SiC)1 - x(GeC)x,(GeC)1 - x(SnC)x,(SiGe) 1 - x (SnC) x. Single-crystal films of the substitutional solid solution Niy 
(Si
1-x
Ge
x
) 
1-y
 (0 ≤ x ≤ 0. 25) were grown on substrates of a bulk single-crystal Si
1-x
Ge
x
 by solid-state reaction during annealing under a 
vacuum condition of 10-7-10-8torr. X-ray diffraction patterns, spectral photosensitivity, and current-voltage characteristics of the obtained 
p/Si
1-x
Ge
x
 - n / Ni
y
 (Si
1-x
Ge
x
) 
1-y
 heterostructures were studied. The lattice parameters of the epitaxial film are obtained a
f
 = 5.4451323 and 
the substrate a
s
 = 5. 6561. The spectral photosensitivity of p / Si
1-x
Ge
x
 - n / Ni
y
 (Si
1-x
Ge
x
) 
1-y
 5heterostructures covers a photon energy range 
from 0.9 to 2.5 eV. It is shown that the direct branch of the current –  voltage characteristics of the studied structures at low voltages (up to 
0.5 V) is described by the exponential dependence I = I0 exp (qV / ckT), and at large (V> 0.5 V) the power dependence I ∝ Vα, с values: α 
= 2 for V = (0. 5−0. 9) V, α = 1. 3 for V = (0. 9−1. 4) V and α = 2 for V> 1.4 V. The experimental results are explained based on the double 
injection model for the n – p – p structure using the drift mechanism of current transfer in the ohmic relaxation mode, taking into account 
the inertia of the electron exchange inside the recombination complex.
Keywords: silicon, germanium, nickel germanosilicidium, isovalent impurity, alloy decomposition, optical band gap, conductivity, 
density of the localized states.
Introduction
Studies of the production technology and the study of 
the physical properties of two- and multicomponent com-
plex semiconductor materials, based on semiconductor and 
semi-metallic elements of group IV, have shown the vialibi-
ty of these materials. Studies show that with a certain selec-
tion of components and alloying impurities, it is possible to 
control their operational parameters and functionality [1–4]. 
These studies focused on the optical [5,6], thermodynamic 
[7,8] properties and structural features [9,10] of the Ge
1 - x
Si
x
, 
Ge
1 - x
Ni
x
, Si
1 - x
Sn
x
, Si
1− x
 C
x
, Si
1 − x
 
−y
Sn
x
 C
y
. Depending on the 
component composition, the band gap of such semiconduc-
tors varies in a wide range - from ~ 0.3 to ~ 2 eV; therefore, 
they can be used as active elements of optoelectronic devic-
es operating in the far and near infrared radiation spectrum.
In recent years, the epitaxial layers    grown 
on Si substrates are finding more and more effective applica-
tion in opto-, micro-, and nanoelectronics as accessible sub-
strates. The Si
1 - x
Ge
x
 solid solution(SS) layers with different 
x values  overlap the lattice parameter from equal Si (a = 5. 
4198) to equal Ge (a = 5. 6560); therefore, different semicon-
ductor compounds of class AIIIBV and AIIBIV with minimum 
misfit dislocation density.
At present, nickel germanosilicides play an important 
role in the preparation of ohmic contacts for the manufacture 
of modern microchips and integrated circuits based on Si1-
x
Ge
x
 epitaxial layers. Nickel germanosilicides began to at-
tract the attention of scientists due to their low cost, they do 
not require high-temperature treatments, and are compatible 
with silicon planar technology. The possibility of synthesis 
at sufficiently low temperatures in comparison with other sil-
icides. Temperature stability with low resistance.
In this paper, we present the results of experimental 
studies on the growth by a solid-phase reaction, as well as 
the structural and some photoelectric properties of Si
1-x
Ge
x
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solid solution.
2. Methods of growing substitutional solid solutions
2.1. The conditions for the formation of continuous solid 
solutions substitutions based on elementary semiconduc-
tors A IV B IV.
The main point of our consideration is that molecular el-
ements of group IV of the type C2, Si2, Ge2, Sn2 and combi-
nations of elements of the type SiC, GeC, SnC, SiGe, SiSn, 
GeSn, which do not appear on the traditional state diagrams 
as compounds, are considered as new chemical compounds 
that are involved in the formation of solid solution substitu-
tion as system components. To predict possible solid solu-
tion based on elements of group IV, we proceed from the 
thermodynamic principle of crystal chemistry, which con-
sists in the fact that in any physical and chemical system 
whose components are chemical elements, there is a chemi-
cal interaction between atoms or molecules. At low tempera-
tures, the atoms tend to be located relative to each other in 
such a way as to obtain the largest possible gain in energy for 
given effective charges and atomic sizes. This arrangement 
of atoms is hindered by structural capabilities, and thermal 
motion at high temperatures [13].
If, upon the displacement of two chemical elements or 
compounds and the formation of their solid solution, the en-
ergy of elastic distortions of the crystal lattice of the solvent 
due to the dissolution of the foreign element (occurrence of 
its atom) is sufficiently small, then the change in the enthal-
py ΔH
displ
 ≪ T ΔS
displ
 and the change in the thermodynamic 
potential Z of the system,
ΔZ
displ
 = ΔH
displ
 − T ΔS
displ
 < 0,                (1)
where  H
displ
 is the mixing enthalpy, S
displ
 -is the mixing 
entropy, T- is the absolute temperature. Therefore, there are 
numerous cases when, under favorable thermodynamic con-
ditions, solid solution substitutions are formed in accordance 
with the growth of ΔS
displ
.
The temperature of the formation of molecules (reaction) 
Tr, below which epitaxial layers of solid solution should be 
grown, is limited by the fact that the binding energy Eb be-
tween the atoms of the molecules of the compound
E
b
 >  ≈ kTr ,                                   (2)
where N is the number of atoms of the solid solution, γ 
is the energy of its thermal vibrations at Tr, k is the Boltz-
mann constant. Minimum Growth Temperature Solid Solu-
tion it is limited by the diffusion rate of atoms and mole-
cules on the surface of a growing crystal (phase boundary), 
which ensures the formation of a surface (two-dimensional) 
solid solution.
When cooled to epitaxy temperatures T ≤ T
r
, molecules 
A2 and BC are formed in the initial phase (A, B, C are chem-
ical elements). If the concentration N
BC
≫ NA2 and the initial 
phase is saturated with the component BC, then the epitaxi-
al layer solid solution (BC) 
1 - x
 (A2) 
x
 is deposited, and if NA2 
≫ N
BC
, then the saturation A2 - (A2) 1 - x (BC) x . On the other 
hand, in accordance with the statistical law of energy distri-
bution of particles of systems in the initial phase, the forma-
tion and decay of molecules A2 and BC, the concentration of 
whichNA2, NBC ≪ NA, NB, NC. If the lifetime of the A2 or BC 
molecules is longer than the time of their transition from the 
crystallization front to the epitaxial layer, then(BC) 
1 - x
 (A2)
x 
or (A2)1 - x (BC) x, depending on the ratio of the concentra-
tions of NA2 and NBC. At the epitaxy temperature, the diffu-
sion of components in the solid phase should not occur.
Under certain thermodynamic conditions, the possibility 
of the formation of SSs for the substitution of chemical ele-
ments is determined by the type of crystal lattices forming a 
solution of the components, their charge states, and geomet-
ric dimensions. Considering these factors and the possibil-
ity of substituting the two, three, or four nearest neighbor-
ing atoms of the solvent m, respectively, with two-, three-, or 
four-atomic molecules of the soluble compound n, the con-
ditions for the formation of SS substitutions in the following 
form were proposed in [14, 15]:
2
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On (4) the equation    and where  are 
valences;  and -are the covalent radii of the 
atoms of solvent m and soluble n chemical element or ele-
ments forming molecules of solvent m and soluble n com-
pounds, respectively, i = 1, 2, 3, 4. Condition (3) provides 
for the electroneutrality of the soluble chemical elements or 
compounds in a solvent semiconductor material. It is per-
formed when soluble
the elements are isovalent with respect to the solvent 
semiconductor. Condition (4) provides for the proximity of 
the geometric parameters of solvent m and soluble n com-
pounds, eliminating the occurrence of significant distortions 
of the crystal lattice in solid solutions. The smaller 1r, the 
lower the energy of elastic distortions of the crystal lattice; 
therefore, the greater the crystal perfection of SS and the 
greater the solubility of n in m. When the difference in the 
sum of the covalent radii of the atoms of the molecules of the 
solution-forming components is more than 10%, the forma-
tion of SS of these components is insignificant.
Case i = 1 expresses the condition for the formation of TP 
substitution of atoms of chemical elements A, B,…solvent 
atoms of the elements C, D,. . . a soluble element or com-
pound according to the formula A
1 − x
 C
x
 or AB
1 − x
 D
x
, for ex-
ample, Si
1 − x
Ge
x
, GaAs
1 − x
Sb
x
.
 If i = 2, then (3) and (4) express the conditions for 
the formation of the solid solution substitution of two ad-
jacent solvent atoms by a diatomic soluble semiconductor 
molecule according to the formula (AB) 
1 − x
 (CD) 
x
 or (A2) 
1 − x
 (CD) 
x
, e.g., (GaAs) 
1 - x
 InP) 
x
, (GaAs) 
1 - x
 (ZnSe) 
x
, or 
(GaAs) 
1 - x
 (Ge2) 
x
 Consider the conditions for the formation of SS 
substitution based on elements of group IV. For such sys-
tems, conditions (3) and (4) have the following form:
where zA, zB and zC are the valencies, rA, rB and rC are the 
covalent radii of the elements of group IV, respectively. The 
table shows the values of the sum of the covalent radii of at-
oms of molecules of group IV elements. Values of the sum 
of the covalent radii of atoms of molecules of group IV el-
ements.
Based on the data in the table and conditions (5) and (6), 
we selected 8 possible cases of the formation of SS substitu-
tions: Si
1 − x
Ge
x
, (Si2) 1 − x (SnC)x, (Si2) 1 − x (SiSn) x
(Sn2)1 - x (SiSn)x, (Ge2)1 - x (GeSn)x (Sn2)1 - x (GeSn)x, (Ge2)1 
- x
 (SiSn)
x
 (GeSi)
1 - x
 (SiSn )
x
, (GeSn)
1 - x
 (SiSn)
x
, (GeSi)
1 - x 
(GeSn)
x
, (SiC)
1 - x
 (GeC)
x
, (GeC)
1 - x
 (SnC)
x
, (SnC)
1 − x
 (SiGe)
x
. It should be noted that Ge and Ni can form SS substitu-
tions in two different variants due to the substitution of Ge2 
and GeSn or Sn2 and GeSn molecules (Fig. 1), while the dif-
ference in the sum of the covalent radii of the atoms of Ge2, 
GeSn, and Sn2 molecules is ~ 7%. Since 2r Ge <r Ge + r Sn, 
therefore,the Ge – Sn molecular bond in the Ge environment 
(Fig. 1a) will exist, and in the Sn environment, due to the re-
lation 2r Sn> r Ge + r Sn, it will stretch.Such elastic defor-
mations and hybridizations of GeSn electron shells with sur-
rounding atoms lead to the appearance of a kind of ener-
gy spectrum of Si
1 – x
Ge
x
 – Ni covalent bonds in the tetrahe-
dral solid solution lattice. Under the influence of surround-
ing, more strongly bound Ge – Ge, one should expect an in-
crease in the binding energy of atoms of Si
1 – x
Ge
x
 – Ni mol-
ecules, and under the influence of more weakly knitted Ni – 
Ni, its decrease.
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In the case of elements of Ge, Si, and Ni, there are 4 possible varieties of the formation of SS substitution: (Ge2)1 - x (SiNi)
x
, (GeSi)
1 - x
 (SiNi)
x
, (GeNi)
1 - x
 (SiNi)
x
, (GeSi)
1 - x
 (GeNi)
x
. The behavior of SiNi and GeNi molecules in the tetrahedral lat-
tice of a solid solution will be different depending on the atoms surrounding it. It should be noted that the possibility of the 
formation of SS substitution of C2 with Si2, Ge2, Ni2, SiC, GeC, NiC, SiGe, SiNi, GeNi; Si2 with SiC, GeC, GeNi; Ge2 with 
SiC, GeC, NiC; Ni2 with SiC, GeC, NiC, SiGe is negligible.
Fig. 1. Spatial configurations of two tetrahedral bonds of a substitutional solid solution Si
1 – x
Gex-а), Si1 – xGex – Ni-b)
Note that the Ge – Sn system is also among the promising 
pairs that form solid solution substitutions. In [4] some pre-
liminary results of our work on obtaining solid solution Fig. 
1. substitution Ni
y
 (Si
1-x
Ge
x
)
1-y
.
2.2 Nickel germanosilicides obtained on the surface of 
bulk Si
1-x
Gex crystals
The film layers of nickel germanosilicides are attractive 
in that they are compatible with silicon planar technology, 
and they play an important role in obtaining ohmic contacts 
in the manufacture of modern microchips and integrated cir-
cuits. On the other hand, it is possible to synthesize them at 
relatively low temperatures in comparison with other sili-
cide, and high processing temperatures are not required.
This work is devoted to studies of some properties of 
nickel germanosilicides films obtained by burning a nickel 
film deposited on bulk single crystals of Si
1-x
Ge
x
 solid solu-
tions.
Si
1-x
Ge
x
 single crystals were grown by electronless beam-
less zone melting in a vacuum of 10-5-10-7 Torr, which had 
p-type conductivity with a constant composition (the ger-
manium content remains constant along the crystal). For the 
preparation of experimental samples, Si
1-x
Ge
x
 single crys-
tals were cut into washers 600 μm thick in the <111> direc-
tion perpendicular to the growth axis. The resistivity of these 
plates varied in the range of 100 - 500 Ωsm.
After mechanical and chemical treatments, a thin layer 
(~ 100 nm) of nickel (99.999%) was applied to the surface 
of the plates by thermal spraying in vacuum (with a residual 
pressure of 10-6-10-7 Torr). Then, the samples were also an-
nealed in vacuum (10–6–10–7 Torr) at temperatures of 200, 
300, 400, 500, 600, 700, 800, and 900°C for 10 hours.
The surface morphology and chips of the samples were 
studied using MII-4 and MIM-8 microscopes. A photograph 
of the surface taken with a digital camera of one of the 
samples after annealing at 600 ° C is shown in Fig. 2.
To study the phase state of the nickel germanosilicide films, 
the X-ray diffraction method was used. Fig. 3. The spectrum 
of reflections from the sample obtained as a result of the 
solid-phase reaction of nickel and Si
1-x
Ge
x
 after annealing at 
a temperature of 600°C is presented.
3. Structural and photoelectric parameter measurements 
heterostructures p / Si
1-x
Gex - n / Niy (Si1-xGex)1-y (0 ≤ x ≤ 
0.07)
3.1 Structural studies of Si
1-x
Gex solid solution
Structural studies of the Si1-xGex x solid solutions (0 ≤ x 
≤ 0. 07) were performed on a Dron-UM1 X-ray diffract me-
ter (CuKα radiation, λ = 0. 15418 nm) according to the θ − 
2θ scheme in the stepwise scanning mode. For this purpose, 
specially grown samples having thin layers (3–5 μm) were 
chosen. The exposure time varied in the range of 1–3 h. In 
Fig. 3 presents the x-ray diffraction pattern. It can be seen 
that in the diffraction pattern at a non-monotonous level of 
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the background, there are two structural reflections of a selective nature with different intensity.
Figure 2. The surface of the Ni / Si
1-x
Gex structure annealed at a temperature of 600°C.
Fig.3. X-ray reflection spectrum from a Ni film (Si
0.93
Ge
0.07
), formed on a Si
0.93
Ge
0.07
 substrate at an annealing tem-
perature of 600°C. + - reflection peaks corresponding to nickel germanosilicide.
The detected peaks of germanosilicides in the series of 
peaks of silicon and germanium show the presence in the 
<111> direction in the composition of the film. As is known 
from the literature, nickel germanides are first formed at low 
temperatures, and nickel germanosilicides and silicides be-
gin at higher temperatures [10]. It can be seen from Fig. 3 
that the intensive formation of silicides and the formation of 
a film of nickel germanosilicide with a high Si content lead 
to the formation of a spectrum similar to that of silicides.
3.2 Surface resistance of Ni
y
(Si
1-x
Ge
x1-y
 films and cur-
rent-voltage characteristics of p / Si
1-x
Gex - n / Niy (Si1-
xGex)1-y structures obtained on bulk Si1-xGex crystals
As shown by numerous studies, to obtain uniform Ni
y
 
(Si
1-x
Ge
x
)
1-y
 films, nickel films on Si
1-x
Ge
x
 solid solutions 
must be larger than 15 nm before annealing []. This section 
presents the results of studies of the dependence of the sur-
face resistance of Ni
y
 (Si
1-x
Ge
x
)
1-y
 films and the I – V char-
acteristics of p / Si
1-x
Ge
x
 - n / Ni
y
 (Si
1-x
Ge
x
)
1-y
 structures ob-
tained at different temperatures. Single crystals of Si
1-x
Ge
x
 
solid solutions were grown by electron beamless crucible 
zone melting and cut into washers 600 μm thick in the <111> 
direction, whose resistivity ranged from 100 to 500 Ωsm.
After mechanical and chemical treatments, a thin layer 
N.A. Matchanov et.al. / ACTA TTPU 1 (2020)  8-16
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(~ 100 nm) of nickel (99.999%) was applied to the surface 
of the plates by thermal spraying in vacuum with a residu-
al pressure of 10-6-10-7 Torr and annealing was performed 
at temperatures of 200, 300, 400, 500, 600 , 700, 800 and 
900°C within 10 hours.
The dependence of the surface resistance of Ni
y
 (Si1-
x
Ge
x
)
1-y
 films (Fig. 4) on the annealing temperature was 
studied. Surface resistance was measured by the four-probe 
method [10] at room temperature. As can be seen from Fig. 
4, the surface resistance of the samples varies depending on 
the temperature of the formation and modification of Ni
y
 
(Si
1-x
Ge
x
)
1-y
, as well as on their composition. For example, 
in the temperature range 200 - 600°C, with an increase in 
the annealing temperature, the surface resistance of the Ni
y
 
(Si
0.93
Ge
0.07
)
1-y
 film decreases to 2.0 Ω / sm2. Further, in the 
temperature range 600-900 ° C, (R
sheet
) increases sharply, i.e. 
After annealing at temperatures T
ann
> 650 ° C, intensive sili-
cide formation begins. This can be explained as follows: ap-
parently, the (R
sheet
) of the Ni
y
 (Si
0.93
Ge
0.07
)
1-y
 film depends on 
the formed chemical phase and film morphology, as well as 
on strong agglomeration and formation of nickel silicide is-
lands[13].
Fig.4. Dependence of surface resistance on the temperature of formation of nickel germanosilicide films.
According to estimates, the thickness of the Ni
y
(-
Si
0.93
Ge
0.07
)
1-y
 layer is ~ 0.02 μm [10]. To confirm this as-
sumption, the upper layers enriched with nickel were re-
moved to the film by selective etching of the samples in a 
CP-4 solution, and the type of conductivity was determined. 
Moreover, some plates had n-type conductivity. The reason 
for this may be nickel atoms, since nickel is an amphoter-
ic impurity in silicon, and they will create two levels (ac-
ceptor - 0.35 eV and donor (acceptor) - 0.23 eV). The influ-
ence of these levels on the type of conductivity of the films 
has not yet been clarified, which requires further research in 
this direction.
Also, at room temperature, the I – V characteristics of p 
/ Si
1-x
Ge
x
 - n / Ni
y
 (Si
1-x
Ge
x
) 
1-y
 structures obtained on the ba-
sis of Ni
y
 (Si
1-x
Ge
x
)
1-y
 films annealed at different tempera-
tures were measured (Fig. 4). As can be seen from Fig. 5, the 
I – V characteristics is characterized by a high coefficient of 
rectification. 
With an increase in the annealing temperature, the forma-
tion of silicides begins, a change in the modification of ger-
manides and silicides, which leads to an increase in the re-
verse current and a decrease in the breakdown voltage. With 
a further increase in the annealing temperature (above 650 ° 
C), intense formation of nickel silicide begins, accompanied 
by annealing of defects. As a result, the reverse currents be-
gin to decrease and the breakdown voltage increases.
Thus, it has been shown that a structural change in nickel 
silicide occurs in the temperature range 200-900°C, and their 
intensive formation begins at a temperature T
ann
> 650°C. It 
should be noted that the surface resistance of the Ni
y
 (Si1-
x
Ge
x
)
1-y
 film on the studied samples varies 3-5 times, and the 
I – V characteristic p / Si
1-x
Ge
x
 is n / Ni
y
 (Si
1-x
Ge
x
)
1-y
 struc-
tures and the surface resistance correlates with a change in 
structure during annealing.
6
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Fig.5. The family of I – V characteristics p / Si1-xGex - n / Niy (Si1-xGex) 1-y structures obtained on the basis of 
nickel germanosilicides annealed at various temperatures.
The results of this project can be used in the manufac-
ture of ohmic contacts for nuclear radiation detectors, solar 
cells, and devices with a Schottky barrier based on bulk Si1-
x
Ge
x
 crystals.
3.3 Spectral photosensitivity of heterostructuresnickel 
germanosilicide (0 ≤ x ≤ 0.07)
Using annealing in a vacuum medium with deposition on 
a Si
1-x
Ge
x
 surface, 
p / Si
1-x
Ge
x
 - n / Ni
y
 (Si
1-x
Ge
x
)
1-y
  x (0 ≤ x ≤ 0. 07) hetero-
junctions with a transitional graded-gap buffer layer consist-
ing of SS substitution of nickel. The composition of the tran-
sition layer varies in film thickness; closer to the substrate, 
Si
1-x
Ge
x
 prevails, and as the layer grows, the molar content 
of  Ni increases. To elucidate the role of SS components, we 
experimentally investigated the spectral dependence of the 
photosensitivity of fabricated structures using an IKS-21 in-
frared spectrometer. The measurement results are presented 
in Fig. 6. From fig.6 shows that the photosensitivity of the 
studied structures covers the photon energy range from 0.9 
to 2.5 eV. The photosensitivity edge of Ge p – n junctions is 
known to be 1.07 eV. The shift of the sensitivity of the stud-
ied structures to the longer wavelength side is due to the SS 
p / Si
0.97
Ge
0.07
 - n / Ni
0.03
 (Si
0.93
Ge
0.07
)
0.97
.
However, the increase in spectral sensitivity is not 
sharp, which is possibly due to the thickness of the SS lay-
er p / Si
0.93
Ge
0.07
 - n / Ni
0.03
 (Si
0.97
Ge
0.07
)
0.97
, which effective-
ly absorbs low-energy quanta. Since p/Si
0.93
Ge
0.07
-n/Ni
0.03
(-
Si
0.93
Ge
0.07
)
0.97
 is an indirect gap semiconductor, a layer of 
sufficient thickness, apparently more than 15 μm, is required 
to complete the absorption of long-wavelength photons. The 
decrease in photosensitivity at photon energies greater than 
1.35 eV is due to the depth of the p – n junction separa-
tion barrier, which in our case is determined by the thick-
ness of the epitaxial layer and amounts to ~ 15 μm. The dif-
fusion length of minority carriers in the p / Si
1-x
Ge
x
 - n / Ni
y
 
(Si
1-x
Ge
x
)
1-y
 layer, as shown above, is ~ 1.6 μm, which is less 
than the depth of the separation barrier. Therefore, electron – 
hole pairs generated in the surface region of the structure by 
short-wavelength photons do not reach the separating bar-
rier and do not participate in the creation of a photocurrent, 
which is the main reason for the decrease in the photo sensi-
tivity of the studied structure in the short-wavelength region 
of the radiation spectrum.
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Fig. 6. Spectral photosensitivity of heterostructures p/Si
1-x
Ge
x-n
/Ni
y
(Si
1-x
Gex)1-y (0 ≤ x ≤ 0. 07) at room temperature.
4. Conclusion
1. Analyzing the results of the studies and evaluating the 
prospects of using single crystals of the Si
1-x
Ge
x
 alloy, we 
can say the following: large-scale instrumentation using the 
Si
1-x
Ge
x
 alloy is possible when using crystals grown by the 
Chohralski method. Since one of the requirements of mod-
ern semiconductor production is the large diameter of the 
washers (> 2.5 inches), which requires a significant improve-
ment in the quality of the crystals, uniform distribution of 
their properties.
Si
1-x
Ge
x
 single crystals grown by electron beam zone 
melting have the prospect only for basic and applied re-
search, as well as for the development of special devices that 
do not require large crystals.
2. Based on the research results, it can be concluded that 
the peaks found in the reflection spectrum show the pres-
ence of germanosilicides in the film. Consequently, nick-
el germanosilicide films were obtained on bulk single crys-
tals of Si
1-x
Ge
x
 solid solutions and it was shown that nickel 
germanides are formed at low temperatures, and nickel ger-
manosilicides and silicides begin to form at higher tempera-
tures. The research results showed that in the temperature 
range 200-900°C, a structural change in nickel silicide oc-
curs, and their intensive formation begins with a tempera-
ture T
ann
> 650°C.
3. It should be noted that the surface resistance of the Ni
y
 
(Si
1-x
Ge
x
)
1-y
 film on all samples studied varies by a factor of 
3-5. The I – V characteristics p / Si
1-x
Ge
x
 - n / Ni
y
 (Si
1-x
Ge
x
) 
of the 1st structure and surface resistance correlate with a 
change in the structure during annealing.
4. The results of this work can be used in the manufac-
ture of ohmic contacts for nuclear radiation detectors, solar 
cells, and devices with a Shottky barrier based on bulk crys-
tals, Si
1-x
Ge
x
.
5. Thus, it has been shown that it is possible in principle 
to grow perfect single-crystal films of a Si
1-x
Ge
x
 substitution-
al solid solution with the (111) crystallographic orientation 
on single-crystal Ge substrates by liquid-phase epitaxy from 
a tin-molten solution. The mismatch between the constant 
lattices of the Si
1-x
Ge
x
 solid solution film (0 ≤ x ≤ 0.07) (a
f
 = 
5.4451323 A ) and the Si
1-x
Ge
x
 substrate (a
s
 = 5.6561 A  ̇) 
was
ξ =
2
0.038
s f
s f
a a
a a
−
=
+
The photosensitivity of n / Ni
y
 (Si
1-x
Ge
x
) 1-y heterostruc-
tures (0 ≤ x ≤ 0.07) covers the spectral range of photon ener-
gy from 0.9 to 2.5 eV. The grown thin epitaxial layers can be 
used as a photoactive material for the design of optoelectron-
ic devices operating in the infrared region of the radiation 
spectrum, or as a substrate material for further growth of sol-
id solutions on them with lattice parameters close to 
5.4451323 A  .
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